Probabilistic Risk-Based Approach to
Aeropropulsion System Assessment
Developed

In an era of shrinking development budgets and resources, where there is also an emphasis
on reducing the product development cycle, the role of system assessment, performed in
the early stages of an engine development program, becomes very critical to the successful
development of new aeropropulsion systems. A reliable system assessment not only helps
to identify the best propulsion system concept among several candidates, it can aso
identify which technologies are worth pursuing. Thisis particularly important for advanced
aeropropulsion technology development programs, which require an enormous amount of
resources. In the current practice of deterministic, or point-design, approaches, the
uncertainties of design variables are either unaccounted for or accounted for by safety
factors. This could often result in an assessment with unknown and unquantifiable
reliability. Consequently, it would fail to provide additional insight into the risks associated
with the new technologies, which are often needed by decisionmakers to determine the
feasibility and return-on-investment of a new aircraft engine.
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Cumulative distribution function of specific fuel consumption.

In this work, an alternative approach based on the probabilistic method was described for
a comprehensive assessment of an aeropropulsion system. The statistical approach
guantifies the design uncertainties inherent in a new aeropropulsion system and their
influences on engine performance. Because of this, it enhances the reliability of a system
assessment. A technical assessment of a wave-rotor-enhanced gas turbine engine was
performed to demonstrate the methodology. The assessment used probability distributions
to account for the uncertainties that occur in component efficiencies and flowsand in
mechanical design variables. The approach taken in this effort was to integrate the
thermodynamic cycle anaysis embedded in the computer code NEPP (NASA Engine
Performance Program) and the engine weight analysis embedded in the computer code
WATE (Weight Analysis of Turbine Engines) with the fast probability integration
technique (FPI). FPI was developed by Southwest Research Institute under contract with
the NASA Glenn Research Center.
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Sensitivity of specific fuel consumption to the various engine design parameters.

The results were plotted in the form of cumulative distribution functions and sensitivity
analyses and were compared with results from the traditional deterministic approach. The
comparison showed that the probabilistic approach provides a more realistic and
systematic way to assess an aeropropulsion system. The accompanying figures show
sample results from the analyses. The current work addressed the application of the



probabilistic approach to assess specific fuel consumption, engine thrust, and weight.
Similarly, the approach can be used to assess other aspects of aeropropulsion system
performance, such as cost, acoustic noise, and emissions.
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